1. Introduction
===============

One of the most important health difficulties worldwide and especially in Iran is drug abuse. Among the various methods of drug abuse, injection receives a higher importance because of its health consequences. There is estimated to be 13.2 million injecting drug users (IDU) worldwide. In Iran, there are a minimum of two hundred thousand IDUs who are mostly men ([@b1-epj-09-5318]). Addiction to injection causes infectious viruses like hepatitis B and C, and HIV. IDUs have an important role in transmitting these viruses to those who are not drug injectors, and this issue leads to the spread and outbreak of these infections in society. In addition, this is the social network where IDUs are in relation with many non-addicted people ([@b2-epj-09-5318], [@b3-epj-09-5318]). The social network consists of unit collections named nodes or actors, and the relationship between them is tie or link. Nodes are the actual people ([@b4-epj-09-5318], [@b5-epj-09-5318]). When all nodes and ties are clear and obvious, it is possible to draw a portrait of a network and the people's location there. Also we can talk about the distance between people ([@b6-epj-09-5318]). In the social network, tie is not limited only to friends but to many people who may be in touch with him/her without any kinship or rapport. In fact, the social network of a person is made up of all people who are in touch with that particular person in question directly or indirectly, like networks of friends, family, coworkers or even drug abusers, and actually it is concluded of all people who influence each other's behavior based on social reactions between each other ([@b4-epj-09-5318]--[@b6-epj-09-5318]). The first analysis of a social network was done in 1934 by Joseph Moreno ([@b4-epj-09-5318]). The analysis of a social network helps us to understand how a social phenomenon spreads along the network, and affects people's health. Also, in this method we can study the structure of relationship between people and their internal relevance manner. In other words, the analysis of the social network shows the social structure in a group in order to clarify the unsystematic relationships among people. And these relationships are mostly in the form of correspondence, signal, belief and intimacy ([@b7-epj-09-5318]--[@b9-epj-09-5318]). Risk network is a group of people who experience high-risk, and mostly, risk network and social network are overlapped. In a study done in New York, 70% of IDUs used the same injection tools with family members, sex partners, friends and relatives ([@b10-epj-09-5318], [@b11-epj-09-5318]). High-risk behaviors are conscious or unconscious behaviors that increase the chance of getting diseases. High-risk behaviors also have different types and kinds, that in this study, is acknowledged by dangerous behavior of injection. The usual method of epidemiological study analysis is not fruitful in this study of people's social network because of different reasons. For example, the use of a regression model is reliable only when the observations are independent from each other, though the health status of a population comes from behavior, interaction, and communication among people that have formed it. Furthermore, these social relationships between people violate the main assumption of independency of observations ([@b7-epj-09-5318]). Since people within the same group have almost the same and incidental behavior, using the multilevel analysis method is essential and fruitful. Because in a social network each individual may be associated with more than one group, it violates the multilevel hierarchical model. Therefore, for analyzing the network's input and solving this problem, we use the multiple membership multilevel model ([@b12-epj-09-5318]--[@b14-epj-09-5318]). This method was first used in 1998 by Hill and Goldstein ([@b15-epj-09-5318]--[@b17-epj-09-5318]). Also, studies about high-risk behavior of injection and its related factors in a social network via multiple membership of multilevel model and other possible models have been done in America, France, Canada, and Iran between 2000 and 2015 ([@b2-epj-09-5318], [@b5-epj-09-5318], [@b18-epj-09-5318]--[@b25-epj-09-5318]). The result of this study will be compared with those results. The mentioned method is used when each lower level unit synchronously is a member of more than one higher level unit, thus in the multiple membership model based on the amount of possessions, weight is attributed, and its effects on the exact consequence become the model ([@b15-epj-09-5318], [@b16-epj-09-5318]). As using a drug, especially an injection drug, has caused a lot of problems like illnesses such as HIV and hepatitis and also the amount of this kind of drug use has been increasing daily in most societies, especially Iran, we preferred to conduct a research on the role of decreasing this amount. On the other hand, considering that injection addicts may present in several resorts for common injection during a period, we chose a model which could consider this and in which presence of addicts in several resorts did not elicit a problem. So, the model which could fit these data was a multiple membership multilevel model. The objective of this study is to determine the relationship between the network's indicators and basic factors with high-risk behavior of injection among IDUs via the multiple membership multilevel model.

2. Material and Methods
=======================

2.1. Study population and sampling
----------------------------------

All the data were collected in Kerman province from October 2013 through March 2014 via standardized questionnaires administered by skillful interviewers to people under study, who were above 18 years old. The people under study were those who had experienced injection at least once during the previous year and had not participated in a study during the previous two months. The method of sampling used here is a network sampling, which is similar to respondent driven sampling (RDS), with the difference being that in this sampling, unlike the RDS method that every person nominates a certain number of people having inclusion criteria in this study, the person should nominate all people, having inclusion criteria, associated with them. On the interview day, it should be clear who these people are in order to distinguish their relationship and ask them about their features. Based on this, first, 15 active leaders with high public relation ability were chosen and were asked to nominate up to 20 people who were in touch with them during last month. Then, they were asked whether each nominee is a drug injector or not. If not, they were asked to nominate all people who had injected with them. The task continued until no more extra information was added to inputs. Eventually, via this method, 147 IDUs were studied and according to people's introduction, the whole network included 433 IDUs.

2.2. Variables
--------------

For fitting the multiple membership multilevel model in this study, response variable is named high-risk behavior of injection and this variable is a binary variable. In fact, it is the response to the question of whether they had common injection or not. Basic independent variables are inclusive of age, education, gender and marital status. The rest of the variables, which are all network indicators, are the situation (location) of people in risk network, in-degree, out-degree, the whole number of IDUs that were associated with him/her during the previous month, the whole number of people introduced by him/her, reciprocity and component. Since the population of IDUs is an open population, calculating all the indicators related to network is impossible. Below we define the indicators of which calculating them was made possible in this study and we can use them in a model:

1.  Network location: each person's location is compared to others' location in a network that is made up of four levels: The core of the main component, members of the main component, members of the small component and isolated/unlinked people.

2.  Component: It is made up of all people who are directly or indirectly associated with each other. In this study, the component is the number of people that the person is associated with, either directly or indirectly.

3.  Reciprocity: It shows the relation of mutual relationship to the whole relationships.

4.  In-degree: It is the number of times that a person is nominated by others. The more the in-degree of a person, the more well-known he/she would be.

5.  Out-degree: The number of people nominated by a person. The more the out-degree of a person, the more sociable he/she would be.

2.3. Method of modeling
-----------------------

In this section, we fitted multiple membership multilevel model ([@b26-epj-09-5318]). First, we added all the basic independent variables and variables of network indicators as a single variable to the model. Then in a multivariable case, based on the role of component variable and reciprocity variable in formation of location variable and strong correlation of these two variables to location variable of people in risk network, we declined to add them in model and we just added location variable to the model. Next, we added all the variables having the p-value of less than 0.2 with location variable to the model. And, via the use of backward method, we reached the ideal model. For all the model's variables, odds ratio, confidence interval for odds ratio and p-value were reported. Also in this study, the analyses were evaluated by MLwiN 2.02 software ([@b16-epj-09-5318]). Since some of the lower level units were members of more than one higher level unit, we attributed belonging weight to this amount. There are two methods of determining the amount of belonging weight of each person to different personal networks: The first method is the suggesting weighting schema of Tranmer and colleagues that if a person nominates "n" people in his/her personal network, each nominee is given a weight of "1/n" in weight matrix ([@b27-epj-09-5318]). The second method is based on the amount of time that each unit of lower level in personal network (upper level unit) uses and based on that time, each unit is given weight ([@b16-epj-09-5318]). It should be noted that both methods are based on the fact that the total weight in each unit of the first level is one. In this study, for more accurate results and better understanding of relationship's intensity, we used the method of weighting schema based on the used time in the network for each unit of weight.

2.4. Ethical consideration
--------------------------

The study protocol was approved by the ethics committee of the Kerman University of Medical Sciences (Ethics code No: K/94/382). Before interviewing, some explanations of this research's goals were given to addicts, and only those who accepted it, cooperated. Considering that most of the questions were related to personal and private relations, they were assured that their whole data would remain confidential.

3. Results
==========

You can see the described results of study's variables in [Tables 1](#t1-epj-09-5318){ref-type="table"} and [2](#t2-epj-09-5318){ref-type="table"} that for quantitative variables the average and standard deviation, and for qualitative variables frequency and percentage were calculated. As you can notice in this study, the mean age of people, who are mostly men, is 37.2±9.02. More than half of these people are single, and have less than high school education. As we fitted the multiple membership multilevel model, the results are noticeable in [Tables 3](#t3-epj-09-5318){ref-type="table"} and [4](#t4-epj-09-5318){ref-type="table"}. In [Table 3](#t3-epj-09-5318){ref-type="table"}, the multiple membership multilevel logistic regression model of single variable and in [Table 4](#t4-epj-09-5318){ref-type="table"} the multiple membership multilevel logistic regression model of multivariable have been fitted. Based on the results of multiple membership multilevel of single variable, none of the demographic variables made, were significant in this study. We could observe meaning in most of the network indicators in this study. In the final version of the model in the multivariable case, it was observed that just in-degree and the whole number of people related to person variable were statistically significant. While location variable, out-degree and the number of IDUs related to the person were not statistically significant. If the in-degree variable, which is the number of times that a person is nominated by others, increased for a unit, the person would be under influence of the high-risk behavior of injection by 49% more than usual. Also, by adding one person to the whole number of people related to the person, the odds of being influenced by high-risk behavior of injection increased by 18%.

4. Discussion
=============

In this study, the effect of demographic variables and network indicators on high-risk behavior of injection were analyzed via the use of a multiple membership multilevel model in two methods of single variable and multivariable. The effect was that none of the demographic variables were statistically significant and in the multivariable case only the in-degree variable and the whole number of people related to the person were statistically significant. Since the in-degree variable is the number of times that a person is nominated and in other words is indicating variable of fame for the person in risk network, we can conclude that when a person is nominated many times, the person must have been associated with many IDUs and must have belonged to more injection shelters than others. Thus because of that which was stated before, the person can influence starters better than others especially when this person, because of his/her fame among drug injectors acts firmly enough that others follow his beliefs and thoughts better than other drug injectors, hence they inject more and more and this causes their high-risk behavior of injection to be influenced. Now from another perspective, we can lead the discussion this way: Since the famous people of a network are those who are nominated many times by other members of the network, we expect these people to be associated with many other IDUs and to be present in many injection locations for injection. This shows that these people inject more frequently than others. Based on the results of this study as meaningful census, we believe that the more famous the person, the more frequently the person had injected. In other words, high-risk behavior of injection influences the person in question better than others. In the study done by Costenbader and colleagues in some parts of Baltimore, America, 2006 in order to analyze the relationship of demographic variables and some network's indicators with high-risk behavior of injection for having the risk of transmitting HIV, it was shown to be similar to our study that in-degree variable had the greatest influence on high-risk behavior of injection ([@b21-epj-09-5318]). Another variable, which was statistically significant in this study, was the variable of all people associated with the person in question. As the person is in connection with more people, he is more influenced by the beliefs and different attitudes. This causes him to be more influenced by others' behavior. And now, as the person is injected and most of the people in connection with him are addicts or drug injectors, the person craves for injection and especially frequent injection more than before. It means the person is much more influenced by high-risk behavior of injection. This study's results are proof to the claim that this study is clear and obvious and to the claim of being a meaningful study, we can mention Week's and colleagues' study in Hartford, America, 2001 that was in conformity with our study ([@b19-epj-09-5318]). As none of the demographic variables of this study were statistically significant, and based on the agreement of our study with other studies done in a network level like Valente and colleagues in America, 2000 ([@b18-epj-09-5318]), Lovell in France, 2002 ([@b2-epj-09-5318]), Shaw and colleagues in Canada, 2004 ([@b20-epj-09-5318]), Wylie and colleagues in Canada, 2006 ([@b22-epj-09-5318]), Unger and colleagues in America, 2006 ([@b23-epj-09-5318]), Havens and colleagues in America, 2011 ([@b24-epj-09-5318]), Tracy and colleagues in America, 2012 ([@b25-epj-09-5318]), and Shahesmaeili in Iran, 2014 ([@b5-epj-09-5318]), we can get that maybe because of data structure in the level of network, demographic variables like age and gender, have a slight influence on high-risk behavior of injection. On the other hand, based on the definition of high-risk behavior of injection, which considers both conscious and unconscious behaviors, we could get that marital status, education, age and gender cannot influence high-risk behavior of injection. Maybe the other reason of not making sense is that in this study, only high-risk behavior of injection is considered and IDUs, after a while, face physical and emotional problems of injection, these variables cannot influence high-risk behaviors. Nonetheless, we observed in this study that demographic variables do not influence high-risk behavior of injection and we need to think of essential strategies for just some of the networks indicators. Here, the in-degree variable and the whole number of people related to the person variable were statistically significant; thus, we conclude that these two variables increase the likelihood of contracting diseases related to injection. Therefore, it is better to decrease high-risk behavior of injection, which leads to an increase in the likelihood of contracting diseases like HIV, Hepatitis B and C in future, the essential decides about in-degree and the whole number of people related to him should be made. Since IDUs play an important role in transmitting viruses to non-addicted people, via conscious strategies and decisions, we can prevent the spread of these infections in society. As a suggestion via the use of in-degree people, we can detect famous people of the network and instead of spending great deals of time and money for taking care of all the people in the network, via some efficient plan; we can take care of famous people. Essential arrangements should be done to decrease the chance of getting diseases and high-risk behavior of injection in minimum time with fewer expenses. Also, we can control the person or do something in order to lessen the person's relation with those IDUs to cause the decrease of high-risk behavior of injection.

5. Limitations
==============

Our study had a problem that was the disability of analyzing all network indicators because under study society was open. Although this problem limits us in showing the complete structure of drug injectors, it causes no problem in our process of modeling.

6. Conclusions
==============

Based on this study, we can conclude that in this study with network structure which we analyzed, the relationship between indicators of individual levels like age and gender, influences high-risk behavior of injection slightly. But some of the network level indicators like in-degree and whole number of people related to person can influence dangerous behavior of injection greatly. Totally based on the results of this study, we can find a suitable method in social network of IDUs in order to create essential strategies for reducing the risk nationwide. In addition, in minimum time with fewer expenses, aggravation of high-risk behaviors especially high-risk behavior of injection, can be prevented. Also, via essential strategies, something should be done in order to reduce the daily outbreak of related diseases to common injection, especially Aids and hepatitis B.
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###### 

Frequency distribution of demographic variables and network indicators of 147 IDUs

  Characteristic               Value \[n (%)\]   
  ---------------------------- ----------------- -----------
  Gender                       Female            13 (8.8)
  Male                         134 (91.2)        
  Education                    Primary school    52 (35.4)
  Guidance school              56 (38.1)         
  High school                  39(26.5)          
  Marital status               Single            76 (51.7)
  Married                      41 (27.9)         
  Divorced                     30 (20.4)         
  Location                     Individual        44 (29.9)
  Members of small component   33 (22.4)         
  Members of main component    23 (15.6)         
  Central component            47 (32.1)         

###### 

Central and dispersed indicators of demographic variables and network indicators of 147 IDUs

  Characteristic                                    Minimum   Maximum   Mean ± SD
  ------------------------------------------------- --------- --------- -------------
  Age (year)                                        20        63        37.2 ± 9.02
  Component                                         1         14        3.29 ± 3.61
  Out-Degree                                        0         7         1.45 ± 1.53
  In-Degree                                         0         12        1.45 ± 1.75
  Number of injected people related to the person   0         13        2.91 ± 2.67
  Number of all people related to the person        0         18        7.24 ± 4.01
  Reciprocity                                       0         1         0.49 ± 0.41

SD: Standard deviation

###### 

The multiple membership multilevel logistic regression analysis of single variable in determining the relation between network indicators and basic factors with high-risk behavior of injection among IDUs

  Characteristic                                        OR               95%CI for OR      p-value   
  ----------------------------------------------------- ---------------- ----------------- --------- ----
  Age (year)                                            1.02             (0.98 -- 1.05)    0.34      
  Gender                                                Female           1                 \-        \-
  Male                                                  0.57             (0.14 -- 2.27)    0.43      
  Education                                             Primary school   1                 \-        \-
  Guidance school                                       1.43             (0.55 -- 3.66)    0.45      
  High school                                           1.13             (0.39 -- 3.25)    0.81      
  Marital status                                        Single           1                 \-        \-
  Married                                               1.34             (0.6 -- 3)        0.46      
  Divorced                                              1.05             (0.44 -- 2.45)    0.91      
  Location                                              Individual       1                 \-        \-
  Members of small component                            1.82             (0.74 -- 4.48)    0.19      
  Members of main component                             1.56             (0.57 -- 4.3)     0.38      
  Central component                                     4.66             (1.82 -- 11.94)   \<0.001   
  Out-Degree                                            1.68             (1.25 -- 2.24)    \<0.001   
  In-Degree                                             1.55             (1.18 -- 2.03)    0.0016    
  The number of injected people related to the person   1.43             (1.16 -- 1.76)    0.001     
  The whole people related to the person                1.19             (1.08 -- 1.32)    \<0.001   
  Reciprocity                                           1.05             (0.41 -- 2.69)    0.9       
  Component                                             1.03             (0.93 -- 1.13)    0.56      

OR: Odds ratio; CI: Confidence interval

###### 

The multiple membership multilevel logistic regression analysis of multivariable in determining the relation between network indicators and basic factors with high-risk behavior of injection among IDUs

  Characteristic                                 Adjusted OR   95% CI for OR    p-value
  ---------------------------------------------- ------------- ---------------- ---------
  Intercept                                      0.3           (0.12 -- 0.75)   0.01
  In-Degree                                      1.49          (1.13 -- 1.95)   0.006
  Whole number of people related to the person   1.18          (1.06 -- 1.32)   0.003

OR: Odds ratio; CI: Confidence interval
